SAŽETAK

Vibroakustika je naučna oblast koja se intezivno razvija u poslednjih trideset godina, koristi mogućnost zvuka (infrazvuk, ultrazvul, buka i muzika), izaziva vibracije koje kao i zvuk može imati korisne ili štetne posledice. Cilj ovog rada je bio da se ispita uticaj vibroakustično indukovanih mikrovibracija na arterijski krvni pritisak i markere oksidacionog stresa u krvi pacova. Eksperimenti su izvedeni na pacovima Vistar soja, telesne težine 180-200 g, podeljenih u kontrolnu i eksperimentalnu grupu od po
INTRODUCTION
Rohracher found that the body surface of humans, or more generally homeotherms, produced constant vibrations, which he named microvibrations (1) . The most significant observation of his intensive work is that the sources of these microvibrations are the heart rate and vascular and muscle activities, which produce microvibrations in the infrasound and sound range, respectively. Rohracher further showed that maintenance of microvibrations in an organism demands considerable muscle engagement, or energy consumption and that the amplitude of microvibrations is a sensitive psychophysical measure of muscle tension and total body activity. For example, in a healthy human (or other homeothermic animal), the amplitude of these microvibrations is 1-5 international units at rest, with a frequency range of 6-12 Hz/sec (vibrations per second). Rohracher demonstrated that it is possible to detect microvibrations that, originating in the striated muscle system, over the whole body; contractions of striated muscles have a manifold magnification of the amplitude of microvibrations but do not affect their frequency; and microvibrations are constant during the registration of frequency.
Although Rohracher examined two variables, amplitude and frequency, his discoveries on frequency were of vital importance for his conclusions. The fact that muscles produce movements of various amplitudes had been known, but the finding that they show constant periodic movements with a constant frequency had significant and far-reaching implications. Based on Rohracher's studies, three important facts of microvibration frequency have been defined: 1. It is always within a range of 6-12 cycles per second 2. It is constant with any measurement 3. It varies between measurements that are taken on different occasions in the same subjectand is and is random and not correlated with other variables, as observed by that were Rohracher.
Several studies have been done performed that support Rohracher's conclusions (2, 3, 4, 5, 6, 7) . Based on these studies, the aim of this paper was to examine the acute effects of vibroacoustic microvibrations on arterial blood pressure and markers of oxidative stress in blood.
MATERIAL AND METHODS
Experimental protocol
The experiments were performed on Wistar albino rats, aged 8 weeks, with a body weight of 230-250 g. The rats were placed in experimental and control groups, with and n=6 in each group, and. Experiments were carried out on each animal individually. All research procedures were carried out in accordance with the Declaration of Helsinki (last updated in 2005) and principles of Good Laboratory Practice (GLP) and were approved by the Ethical Committee for the Welfare of Experimental Animals, Faculty of Medical Sciences, University of Kragujevac. Baseline measurements were obtained for all of the parameters tested in rats without prior exposure to vibroacoustically induced microvibrations, which were used as controls. Rats were exposed to acute vibroacoustically induced microvibrations of defined amplitude and frequency using two vibroacoustic device emitters applied to the skin in the topographical area of the liver and kidney. The following settings on the vibroacoustic device (Vitafon, St. Petersburg, Russian Federation) were used: regimen 1, lower frequency of the 1 st subrange within the limits 30-60 Hz; regimen 2, upper frequency of the 1st subrange within the limits 1-3 kHz; regimen 3, lower frequency of the 2 nd subrange within the limits 0.3-0.8 kHz; regimen 4, upper frequency of the 2nd subrange within the limits 9-18 kHz; number of microvibration frequency subranges, 2; length of a single cycle of microvibration frequency change, 80-160 sec; amplitude of microvibra- 
Haemodynamic measurements
All animals were anaesthetised (35 mg/kg sodium pentobarbital; i.p.). The mean arterial pressure (MAP) was determined directly through the femoral artery catheter (PE-50, Clay-Adams, Parsippany, NY, USA) using a low-volume displacement transducer (P23 Db, Statham, Oxnard, CA, USA) and was recorded on a direct writing recorder.
Measurement of oxidative stress parameters in rat blood
Rats were anesthetizised with ether and sacrificed using cervical dislocation. For both control and experimental groups, n 1/2 =12. Blood was collected in tubes (12x100), with 50 I.J. heparin/ml of blood, and kept frozen at -20°C until used for biochemical measurements. The following parameters of redox status were determined spectrophotometrically from the blood samples: index of lipid peroxidation (measured as TBARS ), SOD, CAT and GSH. The presence of thiobarbituric acid reactive substances (TBARs) was used to estimate the degree of lipid peroxidation in plasma by adding 1% thiobarbituric acid (TBA) in 0.05 M NaOH to an aliquot of plasma followed by a 15 min. incubation at 100°C and reading at 530 nm. Distilled water was used as a blank probe. A TBA extract was obtained by combining 0.8 mL of plasma and 0.4 mL of trichloroacetic acid (TCA), incubating the sample on ice for 10 minutes and centrifuging the sample for 15 min. at 6000 rpm, as described previously (8) . To calculate the activity of endogenous antioxidants, hhaemoglobin was measured according to the Drabkin method (9). Isolated red blood cells (RBCs) were washed three times with 3 volumes of ice-cold 0.9 mmol/L NaCl and hemolysate containing approximately 50 g Hb/L prepared. Superoxide dismutase (SOD) activity was determined by the epinephrine method. A 100 μL sample of lysate was mixed with 1 mL of carbonate buffer followed by addition of 100 μL of epinephrine. Detection of SOD was performed at 470 nm. (10) . Catalase (CAT) activity was determined according to Beutler (11) . Lysates were diluted with distilled water (1:7 v/v) and treated with chloroform-ethanol (0.6:1 v/v) to remove haemoglobin. The sample (100 μL) was mixed with 50 μL of catalase buffer and 1 mL of 10 mM H2O2. Detection of CAT was performed at 360 nm. Distilled water was used as a blank probe. The level of reduced glutathione (GSH) was determined by the oxidation of GSH with 5, 5-dithiobis-6, 2-nitrobenzoic acid using the Beutler method (12) . The concentration of oxidative stress parameters is expressed as nanomoles per millilitre of red blood cells (RBCs).
Statistical analysis
Statistical analysis of experimental data included the following basic descriptive statistics: the mean value (X), standard deviation (SD) and standard error mean (SEM). For testing the normality of distribution parameters, the Kolmogorov-Smirnov test was used. To test the statistical significance of the results and to confirm the hypothesis, the following statistical tests were used: Student's t-test (parametric test), for dependent and independent variables and the Mann Whitney U test, for differences between the parameters. A database analysis of the results was performed using software package SPSS 10th 0 (SPSS Inc., Chicago, IL, USA). Ap < 0.05 was considered statistically significant.
RESULTS
Acute effects of vibroacoustic microvibrations of a specified amplitude and frequency on the arterial blood pressure of rats in vivо
Acute effects of vibroacoustic microvibrations of a specified amplitude and frequency on the arterial blood pressure of rats in vivо An analysis of systolic arterial pressure after the acute application of vibroacoustic microvibrations using different regimens over the rat's body (5-minute single phoning time, with 5-minute breaks between single regimens) showed a statistically significant decrease of systolic arterial pressure during the administration of the second regimen compared to control (p < 0.05). A visible decrease in pressure was noted during the administration of the first regimen, but this was not statistically significant. Systolic arterial pressure returned to a nearly baseline level after the administration of the third and fourth regimens of vibroacoustic microvibration (Figure 1) .
Diastolic arterial pressure did not decrease significantly after the acute administration of vibroacoustic microvibra- Figure 1 . Systolic arterial pressure in rats after acute applications of vibroacoustic microvibrations using 4 various regimens (* p<0.05) tions using different regimens over the rat's body (5-minute single phoning time, with 5-minute breaks between single regimens). There was a trend, however, towards decreased diastolic arterial pressure during the first and second regimens, which returned to nearly baseline levels during the administration of the third and fourth regimens (Figure 2 ).
Acute effects of vibroacoustic microvibrations o a specified amplitude and frequency on oxidative stress parameters in the rat blood
Analysis of oxidative stress parameters after the acute application of vibroacoustic microvibrations using 4 different regimens (5-minute single phoning time, with 5-minute breaks, total phoning time 60 minutes) showed a statistically significant increase in the levels of the antioxidative enzyme catalase (CAT). In contrast, TBARs, SOD and GSH levels decreased slightly however this was not statistically significant (Table 1) .
DISCUSSION
Research into the effects of vibrations and sound on human physiology has been the focus of vibroacoustic science for several years because of its significance in the environment (i.e. i.e., the ecology of labour) and in medicine. This research is especially important given the knowledge of the potentially harmful effects of high intensity vibrations on both labourers who work with vibrating machines and devices and the cardiovascular and nervous systems , as well as the harmful effects of high intensity sound on the environment. On the other hand, there are many beneficial effects of vibrations and/or low frequency sound waves, as has been shown recently, with important research being done conducted to study the vibratory sensitivity of people and potential applications of infrasound, ultrasound, noise and music.
Based on his research, Olav Skille (13) pointed to three universal effects of sound and/or music induced vibrations on humans: a. low frequency vibrations can have a relaxing effect, while high frequencies can increase tension; b. "rhythmic" music can excite while non-rhythmic music can have a sedating effect; and c. loud music can lead to aggression, and quiet music can act to sedate.
Vibroacoustic devices, which produce sound-induced vibrations and stimulate humans, were developed withover the last 30 years. Vibroacoustic therapy can be used in clinical settings. For example, music that causes sedation and/or pulse sinusoidal waves with low frequencies (between 20 Hz and 70 Hz) can be applied through a bed or armchair. Vibroacoustic therapy is currently used in the treatment of decubiti, to decrease arterial blood pressure, to reduce the heart rate, to improve circulation in post-operative treatment, and for stress-induced diseases. Reports on the improvement of circulatory beds in lower limbs and positive change of skin colour in patients treated with vibroacoustic therapy are anecdotal evidence of the benefits of this therapy (14) . A hydrodynamic pump has been shown by Russian authors, to cause muscle fibres to tremble with sound oscillations, i.e., "a muscle sings at sound frequencies". According to this concept, microvibrations are a physical agent that helps organisms by reducing peripheral resistance in capillary networks and increasing venous blood flow. It has been shown that the role of microvibrations in the pump-like functioning of vascular vessels of the venous and lymphatic systems leads to the unidirectional flow of both blood and lymph. The frequency of smooth muscle trembling in the vascular walls improves the efficiency of venous and lymphatic pumping as well as the amplitude of movement, i.e., oscillations of muscle tissue appears to align with the diameter of the lumen in venous and lymphatic vessels. By applying different regimens of a vibroacoustic stimulator, vibroacoustic waves of various shapes, frequencies, amplitudes and time length can be used to synchronise their energetic stimulation on vessels that can have many different diameters. Each blood or lymphatic vessel will have its own optimum frequency and characteristic energy wave based on its unique diameter. Another important characteristic is a reduction of resistance due to blood circulation. It is assumed that at certain frequencies, vibroacoustic microvibrations decrease the friction between blood layers, thus reducing viscosity and vascular resistance, leading to an increase of "shear stress", which is the main physiological stimulus for the production of nitric oxide (no).
As discussed, there are certain effects of low frequency sound applications on the human cardiovascular system. In a study performed on an Apollo mission, astronauts using infrasound treatment found no electrocardiographic disturbances when 21 male subjects aged 21 and 23 were stimulated by sounds ranging betweenfrom 2 Hz-12 Hz, with an intensity of 119-144 decibels, in thea simulation chamber. The heart rate increased in 6 subjects by more than 6 beats per minute during maximum stimulation, but in 5 subjects, the heart rate decreased (15) . Respiratory function was evaluated by pneumographic impedance and was normal in all subjects exposed to low frequency stimu- Figure 2 . Diastolic arterial pressure in rats after the application of vibroacoustic microvibrations using 4 diff erent regimens li, while it increased in 6 subjects when a 140 decibel sound was applied. In this study, no discomfort, disorientation, mental confusion, tiredness or decline of mental capacities was found due to the applied vibrations.
In a second study, 40 pilots, divided into three groups, were treated with infrasonic frequencies of 14 Hz, 16 Hz and 50 Hz, respectively; the results showed occasional changes of blood pressure, decreased vigilance and somewhat prolonged reaction time. This study showed that the application of sound in the low infrasound range could impact the working environment and affect efficiency, vigilance and subject behaviour (16) . Other studies conducted on healthy people using a frequency of 16Hz have not shown significant changes of the heart rate, however, in many cases, the infrasound led to increased diastolic blood pressure and marked reduction of systolic blood pressure (17) .
In our study, various regimens of vibroacoustic and acutely induced microvibrations (up to 60 minutes, frequency range 30 Hz-18000 Hz, amplitude range 2.3 μm-12.3 μm) were applied to evaluate their effects on arterial blood pressure and oxidative stress parameters in rats.
We measured arterial blood pressure during periods of acute vibroacoustic microvibrations on the body of rats using four different regimens. Systolic arterial pressure, measured after acute application of different regimens of vibroacoustic microvibrations on the body of rats (5-minute phoning per single regime with 5-minute breaks), decreased significantly during the administration of the second regimen in comparison to the control group. A visible decrease in pressure was noted during the application of the first regimen, but this was not statistically significant. Systolic arterial pressure nearly returned nearly to baseline after the third and fourth regimens of vibroacoustics microvibrations administration.
Diastolic arterial pressure, measured after acute administration of vibroacoustic microvibrations of four different regimens on the body of rats (5-minute phoning per single regime with 5-minute breaks), did not decrease significantly during any regimen, although the pressure tended to decrease during the first and second regimens and returned nearly to baseline after the third and fourth regimens.
Three markers of oxidative stress (TBARS, SOD and GSH), measured after the acute application of four different regimens of vibroacoustic microvibrations on the body of rats (5-minute phoning per single regime with 5-minute breaks, total phoning time 60 minutes), decreased slightly, but this was not statistically significant. In contrast, the antioxidative enzyme catalase (CAT) increased significantly following the administration of vibroacoustic microvibrations (Table 1) .
CONCLUSION
An acute application of vibroacoustic microvibrations in rats in vivo at low frequencies and amplitudes leads to a significant decrease in systolic arterial pressure (12%) and a trend towards decreased diastolic arterial pressure.
An acute application of vibroacoustic microvibrations in rats in vivo using 4 different regimens (total time 60 minutes, 5 minutes per single regime with 5-minute breaks after each) showed a slight decrease in certain markers of oxidative stress; however, this was not statistically significant. In contrast, the there was as statistically significant increase in the catalase (CAT) level. Table 1 . Oxidative stress parameters after the acute application of vibroacoustic microvibrations using 4 diff erent regimens (duration: 60 minutes) (** p<0.01).
